Context: The presence of smear layer and debris can prevent the irrigant and sealer from penetrating the dentinal tubules thereby compromising the seal of the root canal filling. Aim: This study aims to evaluate the efficacy of XP-endo Finisher with ProTaper Next and HyFlex in smear layer and debris removal. Materials and Methods: Thirty-two extracted mandibular premolar teeth were selected and sectioned at the cementoenamel junction. The roots were then randomly divided into 4 groups. In group 1 and 2, canals were instrumented with X 2 ProTaper Next (25 0.06 taper). In group 3 and 4, canals were instrumented with HyFlex system (25 0.06 taper). The canals in group 2 and 4 were further finished with XP-endo Finisher. Irrigation was carried out using 3% sodium hypochlorite during instrumentation, and 17% ethylenediaminetetraacetic acid was used as the final rinse. The roots were then split longitudinally. The canal wall was observed under the scanning electron microscope in coronal, middle, and apical thirds at a magnification of ×400 and ×1000 for evaluation of debris and smear layer, respectively. Photomicrographs were taken, and qualitative assessment for debris and smear layer removal was done. Statistical Analysis Used: The results were analyzed using Kruskal-Wallis test and Mann-Whitney U-test. Results: Lower debris and smear layer scores were seen in canal thirds instrumented with ProTaper Next and XP-endo Finisher (P < 0.01).
Introduction
Successful endodontic therapy depends on complete debridement of root canal system. Various studies have reported that irrigant and sealer penetration into dentinal tubules are affected by the presence of a smear layer, which affects the three-dimensional seal of canal. [1, 2] XP-endo Finisher (FKG Dentaire SA, La Chaux-de-Fonds, Switzerland) is a recently introduced nickel-titanium rotary finishing file, used after any shaping and cleaning protocol. Dentin conservation and superior cleaning of the root canal were reported to be achieved by XP-endo Finisher. When the file touches the canal wall, the tip squeezes against the wall, initiating an expansion simulating a curved bulb with a diameter up to 6 mm. The advantage of XP-endo Finisher lies in its inherently small core size (ISO 25 in diameter) and zero taper providing better flexibility. [3, 4] Hence, the aim of the present study was to evaluate the efficacy of XP-endo Finisher, after instrumentation with
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ProTaper Next and HyFlex in improving the smear layer and debris removal.
Materials and Methods
The study protocol (CSP/16/SEP/51/268) was approved by the Institutional Research Ethics Committee. Thirty-two extracted mandibular premolars teeth were selected. At the level of the cementoenamel junction, the crown of each tooth was removed. The teeth were randomly divided into 4 groups as follows: A size 10 K file was used to determine the working length. In Group 1 and 2, the canals were instrumented with X 2 ProTaper Next (25 0.06 taper). The canals in Group 2 alone were further finished with XP-endo Finisher. In Group 3 and 4, the canals were instrumented with HyFlex system (25 0.06 taper). The canals in Group 4 alone were further finished with XP-endo Finisher. Irrigation was carried out using 3% sodium hypochlorite between the instruments, while 17% ethylenediaminetetraacetic acid (10 ml) was used as the final rinse. In groups 2 and 4, where the XP-endo Finisher instrument was used, it was placed in the canal filled with the irrigant. Using gentle movements of insertion and withdrawal, the XP-endo Finisher was applied in each canal for 1 min to complete the finishing procedure.
On completion of the shaping and cleaning procedure, the roots were split longitudinally. The dentinal wall of each tooth was observed under the scanning electron microscope (SEM) (Phenom XL) in the region of coronal, middle, and apical thirds at a magnification of ×400 for the evaluation of debris. Further, ×1000 magnification was used for the evaluation of smear layer removal. Photomicrographs were taken. The qualitative assessment of the debris and smear layer on root canal walls was based on the criteria of Hülsmann et al. [5] [ Tables 1 and 2 ].
Statistical analysis
The results of the present study were analyzed using Kruskal-Wallis Test and Mann-Whitney U-test. P ≤ 0.05 was considered to be statistically significant.
Results
In the present study, when the canals were instrumented with ProTaper Next and HyFlex (Group 1 and 3 respectively), ProTaper Next showed significantly lower (P < 0.05), debris and smear layer scores at coronal, middle, and apical thirds of the canals [Figures 1, 2 and Table 3 ].
When the canals were instrumented with ProTaper Next and HyFlex, along with the XP-endo Finisher (Group 2 and 4 respectively), ProTaper Next + XP-endo Finisher showed significantly lower (P < 0.01) debris and smear layer scores at coronal, middle, and apical thirds of the canals [ Figures 1, 2 and Table 4 ].
Discussion
In the process of root canal preparation, 1-2 mm thick smear layer composed of mostly inorganic materials is created. Debris is composed of dentinal shavings created during shaping procedures along with vital or necrotic pulp tissue that are adherent to the root canal walls, usually infected with bacteria. Penetration of irrigants and sealers into the dentinal tubules is affected by the presence of smear layer and debris which in turn leads to the compromised seal of root canal filling. SEM evaluation was performed in ×400 and ×1000 magnifications for the analysis of debris and smear layer. Large amounts of debris can also easily be observed at low magnification. Higher magnification is however required for the identification of dentinal tubules and observation of the remnants of the smear layer.
In the current study, irrespective of the instrumentation system used, the coronal thirds of the root canal showed more cleanliness when compared to the middle and apical third of the canals. [6] In both the instrumentation groups, the apical thirds of canals were observed to have less cleanliness when compared to the middle and apical third parts. The ProTaper Next file system showed significantly lower debris and smear layer score when compared to the HyFlex instruments. The above-mentioned findings were in accordance with few previous reports [7, 8] that also showed ProTaper Next to be superior in cleaning efficacy. The cleaning efficacy of ProTaper Next could be attributed to its offset design, the swaggering effect which helps in lesser file engagement, more cross-sectional space for improved cutting, loading, and augering debris. [8, 9] The HyFlex system had significantly higher debris and smear layer score at all the three levels of the canal. The irregular geometry of the file design could be responsible for creating a nonuniform shape of root canal, which in turn could have prevented the flushing of debris and smear layer adequately. [10] The groups 2 and 4 used ProTaper Next and HyFlex system along with XP-endo Finisher and showed significant reduction in debris and smear layer score. The shape-memory principles of the NiTi alloy and its inherent metallurgy contributed to the efficiency of the XP-endo Finisher. In the cooled state, the file remained straight in its martensitic phase. The shape memory property of the NiTi alloy allows the file to take on the austenitic phase and convert to a sickle shape, when subjected to the body temperature (the canal), thereby increasing its ability to clean and contact areas during the rotation mode. [3, 11, 12] The above-mentioned advantage is difficult to achieve with conventional instrumentation. Once cooled, the file returns to the original martensitic phase and regains its straight shape.
Conclusion
The results of this study seem to point out in the direction that the XP-endo Finisher can be considered as a necessary adjuvant with all contemporary rotary systems to significantly increase the cleaning efficacy of the root canals.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
